utrient Modeling
Overview




Overview

A simple continuum of model types

‘Review of a few commonly used models

| Case study




Model Application

The implication of changing land use and climate
The implication of anthropogenic activities

Urban water management

Nutrient trading

Emerging contaminants
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Model Continuum

Total Uncertainty
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Less Complex More Complex
Empirical /Statistical | Physically-Based /Deterministic

Less Data Intensive More Parameters
Rigid More Data Intensive

Trend Analysis Flexible
Process Specific Analysis
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Important Considerations In

Selection of A Model

O Type of analysis: trend analysis or process details

4 Ciritical hydrologic and water quality processes




Hydrologic Balance
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Upland Processes




INn-Stream Processes &

Point Sources




Important Considerations In

Selection of Models

Type of analysis: trend analysis or process details

Critical hydrologic and water quality processes

Time-step: hourly (or less) to annual, storm event, steady-state
Spatial scale: field-scale versus watershed scale
Lumpedyersys distributed: grids, HRUs

Urban, agricultural, and forested systems

Point and nonpoint sources
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Scale and Water Quality
Variables

MODEL Time Step Spatial Water Quality
Scale

USGS Regression Annual

SPARROW Annual
GWLF Monthly
QUALZE Steady-St.
WASP Hourly
SWMM Sub-Daily
SWAT Daily
HSPF Sub-Daily



Scale and Water Quality

Variables
Scale
USGS Regression Large basins
SPARROW Large basins
GWLF HUC12, 8
QUALZE Water body
WASP Water body
SWMM Small basins
SWAT M-L basins
HSPF M-L basins



Delivery of N and P to the

Gulf of Mexico: SPARROW




Sources of Nutrients

Delivered to the Gulf of
Mexico: SPARROW

PHOSPHORUS NITROGEN

Sources 14%

B Corn and soybean crops ™~
[] Other crops
2 Pasture and range
@ Urban and population-related sources
15 Depermantof e e B Atmospheric deposition
LS. Geological Survey B Natural land

18%
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Scale and Water Quality

Variables

Scale
USGS Regression Nutrients
SPARROW Sediment, Nutrient, Pesticides
GWLF Sediment, Nutrient
QUALZE TN, TP, NH;, DO, chlorophyll a, pathogens
WASP TN, TP, NH;, DO, chlorophyll a,TSS, Toxics
SWMM Sediment, Nutrient, Pesticide, Metals, BOD
SWAT Sediment, Nutrient, Pesticide, Metals, BOD
HSPF Sediment, Nutrient, Pesticide, Metals, BOD



Land and Water Features
Supported

MODEL Urban | Ag/ | Forest | River | Lake | Reservoir | Coastal /
Rural Estuary

USGS Regression O O O

SPARROW 4] ¢ 4 O 4 D

GWLF qd) qd) qd O

QUAL2E o

WASP e o @ @
SWMM e e e 0 D

SWAT O @ e e O O

HSPF > @€ @ o O D




Management Practices

USGS Regression

SPARROW Wetlands
GWLF Vegetative practices
SWMM Detention basins, Infiltration practices, Wetlands, Ponds, Stormwater

Agricultural conservation practices, Detention basins, Infiltration
practices, Ponds, Vegetative practices, Irrigation, Tile drains, Street
sweeping, Wetlands

SWAT

HSPF Nutrient management, Contouring, Terracing, Ponds, Wetlands



Model Application: Standard

Protocol

O Application of watershed models requires rigorous planning.
d Use of a modeling protocol serves a number of benefits

d Reduce potential modeler bias

d  Providing a roadmap to be followed

U Allow others to assess decisions made in modeling

Q

Allow others to repeat the study, and




Modeling Protocol

Define Purpose

Select Model

Collect Data

Sensitivity Analysis

Calibration and Corroboration (Testing)
Uncertainty Analysis
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Scenario Analysis




Eagle Creek Watershed, IN

Source of drinking water for city of
Indianapolis

I High : 298
Low : 239.




Flow and Load Duration

Curves

HTMDL User Interface o ] |
Save Graphl Load Duration Curve: Station No: 6710247 User Inputs:
SOUTH PLATTE RIVER BELOW UNION AVE, AT ENGLEWOOD,CO
5 Max. target 10 mgfL, for test MNo. 600 & USGS Database " STORET Database
10 o i
All Obsened Concgntrahong E——— | 5710247
= Seasonal Observations (April-October) )
— — Margin of Saftety, 10 % of LDC I 1D T
= - Starmwater (M34) WWLA Analysis Type LDC wif Load Alloc
:.‘5 Paint Source WA is the blue shaded area _——
k=3 10 Data Range: I‘IQQB 'I ta |2DDQ 'l
= L. = 22 =O=====_ ==
§ Season: IApriI vI to IOctober 'l
=
2 Test Code: | 600
2 3
= 10 + Acceptable Test Codes l
= . Target imagfiLy: | 10
T Target Info.
;| High Moist Mid-Range oy Low Margin of Safaty:
10 FFlows | Conditions | Flows | Conditions | Flow.
0 10 40 ) B0 50 100
Flowe Duration Interval (%)
No Apparent Pallution Source = Further Infarmation I Tutarial Yidea

Although sorme observed points may exceed the target curee's concentration there is
no single apparent pollutant source.
Please click "Further Information” far more pollutant identification help.

Reference Cited:

For the web-based version of this tool go to;
Wy Bramsinfo.com

For maore infarmation contact:
eramsinfo@colostate. edu
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Calibration and Testing

Importance of rule of thumb measures

Calibration is typically performed based on simulation of
fluxes of flow, particles and chemicals at stream locations

Error statistics: relative error, R?, Nash-Sutcliffe efficiency
coefficient, ...

Multisite multivariable calibration

Rule of thumb measures, e.qg.,

d Nitrate from tile drains




Nitrogen Loss Rate In

Streams
Alexander et al., 2000, Nature




Closing Remarks

O Data collection and assimilation is challenging, in
particular management data

U Despite significant progress, comprehensive models
require extensive knowledge of GIS and model
components

U Existing models rarely provide outputs that can be
easily communicated with stakeholders




Questions? Comments?
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